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Despite the clear need to control visceral leishmaniasis (VL), the existing diagnostic tests have serious shortcomings. Here, we
introduce an innovative approach to directly identify Leishmania infantum antigens produced in vivo in humans with VL. We
combined reverse-phase high-performance liquid chromatography (RP-HPLC) with mass spectrometry and categorized three
distinct L. infantum proteins presumably produced in bone marrow/spleen/liver and excreted in the urine of patients with VL.
The genes coding for these proteins (L. infantum iron superoxide dismutase, NCBI accession number XP_001467866.1; L. infan-
tum tryparedoxin, NCBI accession number XP_001466642.1; and L. infantum nuclear transport factor 2, NCBI accession num-
ber XP_001463738.1) were cloned, and the recombinant molecules were produced in Escherichia coli. Antibodies to these pro-
teins were produced in rabbits and chickens and were used to develop a capture enzyme-linked immunosorbent assay (ELISA)
designed to detect these L. infantum antigens in the urine of VL patients. Specificity of the antibodies was confirmed by a West-
ern blot analysis using both recombinant proteins and whole parasite extract. Importantly, a urinary antigen detection assay
assembled with pairs of antibodies specific for each of these antigens identified 17 of 19 patients with VL. These results indicate
that an improved antigen detection assay based on L. infantum proteins present in the urine of patients with VL may represent

an important new strategy for the development of a specific and accurate diagnostic test that has the potential to both distin-
guish active VL from asymptomatic infection and serve as an important tool to monitor therapy efficacy.

Visceral leishmaniasis (VL) is endemic in 47 countries, with
approximately 200 million people at risk of infection and an
annual incidence estimated to be 500,000 cases (http://who.int
/leishmaniasis/disease_epidemiology/en/index.html). The dis-
ease is caused by parasites of the Leishmania donovani complex (L.
donovani and Leishmania archibaldi in the Old World and Leish-
mania infantum in Southern Europe, Africa, and South America).
Notwithstanding the existence of antileishmanial drugs, global
visceral leishmaniasis (VL) morbidity and mortality remain high
and in many parts of the world are increasing due to coinfection
with human immunodeficiency virus (HIV) (1, 2). In addition to
being a human disease, VL caused by L. infantum is a zoonotic
infection. Domestic dogs are the major vertebrate reservoirs of the
parasite (41). Canine VL (CVL) is widely distributed in Latin
America and Southern Europe (6, 19). In the United States, the
potential for CVL to become a significant problem has recently
been highlighted (7, 20, 22).

These alarming facts have been attributed in part to the ab-
sence of an efficacious VL vaccine. In addition, an accurate diag-
nostic test that can identify active VL versus asymptomatic disease
remains a key component of measurements that aim to control
this serious disease that is missing (11). Definitive diagnosis of
active VL still relies primarily on the direct finding of the Leishma-
nia parasites either in smears or in cultures from spleen or bone
marrow aspirates, which are obtained using invasive procedures
that are a risk to the patient’s health. Importantly, the sensitivity of
these tests is, in general, not high and varies enormously (14, 24,
28, 34, 51, 53). Alternatives to these procedures are a variety of
nucleic acid amplification tests (3, 13, 29, 43). These tests are more
sensitive than microscopic examination and parasite culture, but
they remain restricted to referral hospitals and research centers
despite efforts to simplify them (11).
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Several conventional serological tests have been developed and
are available for VL diagnosis. However, because of the overall
principle of these tests, i.e., detection of antibody responses to
parasite antigens, they have inherent limitations, particularly for
the diagnosis of active VL. First, high serum antibody levels are
present in both asymptomatic and active VL (5, 8, 9, 12, 16, 45).
Second, serum anti-Leishmania antibodies remain present for sev-
eral years after the patient has been cured, an outcome that com-
plicates the diagnosis of relapsed VL (15, 25, 32). Third, a number
of individuals from areas of VL endemicity with no history of VL
do have antileishmanial antibodies, therefore complicating the
specificity of these tests (21). Fourth, sensitivity of serological tests
in VL/HIV-coinfected patients is poor, particularly if leishmania-
sis occurs post-HIV infection (29, 47).

An interesting alternative approach to conventional serologi-
cal tests is the direct identification of leishmanial antigens in the
bodily fluids of humans with active VL. Indeed, we have previ-
ously used this premise to search for Mycobacterium tuberculosis
proteins in the urine of patients with pulmonary tuberculosis.
Using mass spectroscopy, we identified four unique peptides that
have sequence homologies to the deduced amino acid sequences
of proteins from M. tuberculosis in the urine samples of tubercu-
losis patients (31) and from mice infected with M. tuberculosis (36,
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37). In addition, we confirmed the immunological and clinical
validation of these molecules as candidates for the development of
an antigen detection assay for active tuberculosis (39).

Here, we describe the use of this approach for the direct iden-
tification of L. infantum diagnostic candidate molecules in the
urine of VL patients. Three parasite polypeptides could be clearly
identified. These molecules have been extensively studied and
used for the development of a promising antigen detection assay
for VL diagnosis.

MATERIALS AND METHODS

Human samples. A total of 25 urine samples from patients with VL were
evaluated in this study. These samples were collected from patients diag-
nosed with VL based on the following criteria: a clinical course consistent
with VL (e.g., fever, anemia, hepatosplenomegaly) and confirmatory lab-
oratory findings (identification of Leishmania in bone marrow aspirates).
A single urine sample was collected from each patient at the time of his/her
first visit to the hospital for diagnosis and treatment of VL. Urine speci-
mens were stored frozen at —20°C and subsequently shipped in dry ice to
the Forsyth Institute, Cambridge, MA. The patients were from the Natan
Portella Institute of Tropical Diseases, Federal University of Piaui, Teres-
ina, PI, Brazil. In addition, urine samples were obtained from healthy
subjects (n = 16) and from patients with cutaneous leishmaniasis (n =
10), Chagas’ disease (1 = 8), schistosomiasis (# = 14), and tuberculosis
(n = 10). These samples were from patients from the area of Montes Claros
city, MG, Brazil, and were collected and confirmed by the Department of
Parasitology, Federal University of Minas Gerais, Belo Horizonte, MG, Brazil.
Urine donation protocols were approved by the Investigational Review Board
and the Ethics Committee of the Federal University of Piaui Medical School
and Federal University of Minas Gerais, respectively.

Mass spectroscopy analysis. Frozen individual samples (15 ml) from
five patients with confirmed VL were thawed, centrifuged, and filtered
over 0.2-pm filters. Urine specimens were then concentrated using Cen-
tricon P3 (3-kDa cutoff filters) to ~200 to 300 pl. Equal volumes of
concentrated urine specimens were mixed with electrophoresis sample
buffer and then submitted to SDS-PAGE, followed by Coomassie staining.
Bands ranging from ~10 kDa to ~75 kDa were, in general, excised from
the gel and submitted for mass spectroscopy (MS) analysis at the Taplin
Mass Spectrometry Facility, Harvard Medical School, Boston, MA.
Figure 1 illustrates a typical pattern of bands obtained for the concen-
trated urine of a patient with VL. This pattern was highly analogous to
those of all other VL urine samples as well as to that obtained for urine
specimens of two healthy control subjects. Figure 1 also illustrates the
positions of the bands that were excised from the gel for further anal-
yses. For each urine sample, 8 to 10 bands were cut from the gel. Each
band was then independently submitted to MS runs. Gel bands were
trypsin digested into peptides. Peptides were analyzed by nanoscale
liquid chromatography coupled to a tandem mass spectrometer.
Eluted peptides first had their molecular masses measured and then
were fragmented, and finally, the fragment masses were measured. The
specific fragmentation pattern was computer searched against pre-
dicted tryptic peptides from all known proteins from genome sequenc-
ing projects of humans and Leishmania protozoa. The power of the
technique is in its redundancy. Because many peptides are generated
from the initial gel band, multiple matches to the protein of interest
are detected. In this way, the protein identity is completely unambig-
uous. Peptide score cutoff values were chosen at cross-correlation
(Xcorr) values of 1.8 for singly charged ions, 2.5 for doubly charged
ions, and 3.0 for triply charged ions, along with the magnitude of
predicted fragment ion values (deltaCN) of 0.1 and the final correla-
tion score rank (RSP) values of 1. The cross-correlation values chosen
for each peptide ensure a high confidence match for the different
charge states, while the deltaCN cutoff ensures the uniqueness of the
peptide hit. The RSP value of 1 ensured that the peptide matched the

936 cvi.asm.org

FIG 1 Mlustration of the pattern of urine protein bands that were cut from
polyacrylamide gels for mass spectroscopy analyses. Urine was from a patient
with visceral leishmaniasis (VL). Urine was concentrated 10X using a Centri-
con P3 (3-kDa cutoff), mixed with sample buffer, and then submitted to SDS-
PAGE (polyacrylamide gel with a 4 to 20% gradient), followed by Coomassie
staining. Bands ranging from ~10 kDa to ~75 kDa were cut from the gel and
submitted to mass spectroscopy analyses. Numbered boxes on the right side of
the gel indicate the individual bands that were cut from the gel. Lane 1, 10X
concentrated urine from VL patient; MM, molecular markers. Numbers on
the left of the gel are the molecular masses of the markers.

top hit in the preliminary scoring and that the peptide fragment file
matched only one protein hit.

Cloning of the Leishmania infantum gene, protein expression, and
purification. Oligonucleotide PCR primers were designed to amplify the
full-length open reading frame of the target genes from genomic DNA of
L. infantum. The forward primer contained an Ndel restriction site at the
ATG initiation codon followed by sequences derived from the gene. The
reverse primer included a BamHI restriction site followed by a stop codon
and sequences from the gene. The resultant PCR products were digested
with restriction enzymes and subcloned into the pET-14b expression vec-
tor, which was similarly digested for directional cloning. Alternatively, the
DNA sequence was codon optimized for expression in Escherichia coli
containing the same restriction enzyme sites (Ndel and BamHI). The
DNA fragment was synthesized (Blue Heron, Bothell, WA), and the syn-
thetic gene was subcloned into pET-14b as well. A ligated pET-14b vector
was subsequently used to transform E. coli BL21(DE3)pLysS host cells
(Novagen, Madison, WI) for expression. Recombinant proteins were ob-
tained and purified from 100 ml of isopropyl-B-p-thiogalactopyranoside
(IPTG)-induced batch cultures by affinity chromatography using
QIAexpress Ni-NTA agarose matrix (Qiagen, Chatsworth, CA) as de-
scribed previously (31, 37). The yields of recombinant proteins were 10 to
20 mg per liter of induced bacterial culture, and purity was assessed by
SDS-PAGE followed by Coomassie blue staining. Endotoxin levels pres-
ent in the purified recombinant protein preparations were measured by
the Limulus amebocyte lysate assay (Lonza, Walkersville, MD) and shown
to be <5 endotoxin units (EU)/ml.

Generation of specific polyclonal antibodies. The purified recombi-
nant protein (250 pg) was emulsified with an equal volume of incomplete
Freund adjuvant (IFA) and injected at multiple subcutaneous (s.c.) sites
into female New Zealand rabbits or New Hampshire Red chickens (Capr-
alogics Inc., Hardwick, MA). The animals were given two s.c. boosters
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TABLE 1 L. infantum peptides identified by mass spectroscopy in individual urine samples of patients with visceral leishmaniasis

L. infantum Proteins in Urine of VL Patients

Gene Molecular mass
Xcorr Putative L. infantum peptide donor NCBI length of protein
Peptide value protein annotation (bp) (kDa) pl
LNAAAESNSGLASK 3.602 Iron superoxide dismutase (Li-isd1) XM_001467829 588 21.53 8.7
GGGEPSGPLASAIVDSFGSFASFK 5.274 Iron superoxide dismutase (Li-isd1) XM_001467829 588 21.53 8.7
QNDMVDMSSLSGK 2.813 Tryparedoxin (Li-txnl) XM_001466605 438 16.7 5.2
MPWLSIPFEK 2.789 Tryparedoxin (Li-txnl) XM_001466605 438 16.7 5.2
QYKVESIPTLIGLNADTGDTVTTR 3.630 Tryparedoxin (Li-txnl) XM_001466605 438 16.7 5.2
VESIPTLIGLNADTGDTVTTR 4.168 Tryparedoxin (Li-txnl) XM_001466605 438 16.7 5.2
FANLGFTEAAFK 4.0849 Nuclear transport factor 2 (Li-ntf2) XM_001463701 375 13.89 4.9
EQVQGVDAIMAR 3.1871 Nuclear transport factor 2 (Li-ntf2) XM_001463701 375 13.89 4.9

(250 pg of Ag in IFA) 3 weeks apart. One week after the final boost, the
animals were bled and sera (from the rabbits) and yolks (from the chicken
eggs) were collected. IgG (from rabbits) and IgY (from chickens) were
purified by standard affinity chromatography or by using antigen immo-
bilized on Sepharose 4B resin (cyanogen bromide [CNBr]-activated Sep-
harose 4B, GE Healthcare). A portion of the rabbit IgG was biotinylated
with the EZ-Link Sulfo-NHS-LC biotinylation kit from Thermo Fischer
Scientific (Pittsburgh, PA) according to the manufacturer’s instructions.
Between 1 and 2.5 molecules of biotin per IgG were invariably obtained
for all the different batches.

Western blot. Purified recombinant proteins (100 ng) and whole-
antigen extract from Leishmania infantum were fractionated by SDS-
PAGE (4 to 20% gradient gel) and transferred to a polyvinylidene fluoride
(PVDF) membrane (Millipore, Medford, MA). Crude Leishmania infan-
tum lysates were prepared from promastigote parasites cultured for 7 to 10
days in complete Schneider’s medium at 26°C (promastigote lysate prep-
aration). The blots were blocked overnight at 4°C with Tris-buffered sa-
line with 0.1% Tween 20 (TBS-T) containing 1% bovine serum albumin
(BSA) and subsequently probed with antigen-specific rabbit antisera or
preimmune rabbit sera. After several rinses with TBS-T, goat anti-rabbit
IgG labeled with horseradish peroxidase (Thermo Scientific Pierce, Rock-
ford, IL) was added. After additional washings, bound conjugates were
detected using the ECL enhanced chemiluminescence system (Amer-
sham/GE Healthcare, Piscataway, NJ) and proteins were visualized by
autoradiography (Kodak BioMax, Rochester, NY).

Capture ELISA. A capture enzyme-linked immunosorbent assay
(ELISA) antigen detection test was developed using purified IgG anti-L.
infantum recombinant antigens obtained from antisera produced in two
different rabbits or IgY produced in chickens. Briefly, wells of 96-well
ELISA plates (high-binding EIA/RIA plates; Corning International, Corn-
ing, NY) were coated overnight at 4°C with 0.2 pg of purified IgG (or IgY)
diluted in bicarbonate buffer, pH 9.0. Wells were washed with phosphate-
buffered saline (PBS) and 0.1% Tween 20 (Sigma Chemical Co., St. Louis,
MO) and blocked at room temperature with PBS with 1% BSA and 0.1%
Tween 20 (PBS/BSA/Tween) for 2 h. After washing, human urine samples
were added and incubated overnight at 4°C. Plates were washed, followed
by incubation for 1 h with biotin-labeled IgG (obtained from the second
immunized rabbit) or biotin-labeled IgY at 1/2,000, a dilution previously
determined by a conventional sandwich ELISA. Following several rinses
in PBS/BSA/Tween, peroxidase-labeled streptavidin at a 1/2,000 dilution
(BD Bioscience, Franklin Lakes, NJ) was added for 30 min. The plates
were then washed, and reactions were developed with 3,3',5,5"-tetrameth-
ylbenzidine (TMB) substrate and read at 450 nm.

RESULTS

Isolation of three unique L. infantum protein antigens from the
urine of patients with VL. Urine was collected from five patients
with active, parasitologically confirmed VL registered at the Natan
Portella Institute of Tropical Medicine, Teresina, PI, Brazil. None
of the enrolled patients had any clinical signs or symptoms or
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laboratory findings compatible with renal or urinary tract abnor-
malities. These exclusion criteria were important to rule out renal
pathology, which can theoretically be a factor that would be bias-
ing the finding of L. infantum antigens present in the patients’
urine. None of the patients were under anti-Leishmania therapy at
the time of urine collection. Individual urine samples were ana-
lyzed by mass spectrometry, generating a total of approximately
400 peptide sequences. Most sequences of the identified peptides
had sequence homologies to those of human proteins. However,
eight peptide sequences that had no known homologies with hu-
man proteins had sequence homologies to the deduced sequences
of three different L. infantum proteins (Table 1). Two of these
peptides (LNAAAESNSGLASK and GGGEPSGPLASAIVDSFGSF
ASFK) had sequences with perfect matching to the sequence of L.
infantum iron superoxide dismutase (NCBI accession number
XP_001467866.1) at positions 40 to 53 and 87 to 110, respectively.
Four other peptides (QNDMVDMSSLSGK, MPWLSIPFEK, QYK
VESIPTLIGLNADTGDTVTTR, and VESIPTLIGLNADTGDTV
TTR) had sequences with perfect matching to the sequence of
L. infantum tryparedoxin (NCBI accession number XP_
001466642.1) at positions 17 to 29, 84 to 93, 103 to 126, and 106 to
126, respectively. Finally, two peptides (FANLGFTEAAFK and EQ
VQGVDAIMAR) had sequences with perfect and strong match-
ing to the sequence of a putative L. infantum protein (nuclear
transport factor 2; NCBI accession number XP_001463738.1) at
positions 40 to 51 and 52 to 63, respectively. Importantly, most of
these L. infantum peptides were identified in two out of five urine
samples, thus strongly validating these findings (Table 2). Finally,
no leishmanial matching peptides were found in urine specimens
of two control subjects processed in a manner identical to that of
the urine specimens of the VL patients (not shown).

Gene cloning and protein expression/purification and char-
acterization of discovered L. infantum antigens. The open read-
ing frame of each of the full-length genes coding for each protein
was amplified by PCR from L. infantum genomic DNA, followed
by subcloning into the pET-14b expression vector. The recombi-
nant proteins L. infantum iron superoxide dismutase (Li-isd1)
and L. infantum tryparedoxin (Li-txnl) were readily obtained.
However, this cloning strategy resulted in no expression of the L.
infantum nuclear transport factor (Linft2) protein. Nevertheless,
using a synthetic gene with an optimized sequence for E. coli,
followed by subcloning in pET-14b, resulted in excellent overex-
pression of the recombinant protein. Recombinant proteins were
next purified using Ni-nitrilotriacetic acid (NTA) agarose resin,
and purity was assessed by SDS-PAGE with Coomassie blue stain-
ing and is illustrated in Fig. 2A. To validate the recombinant pro-
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TABLE 2 Occurrence of identified L. infantum peptides among the VL patients who donated urine for MS analyses

Presence of each peptide in each patient (gender, age [yr])

Protein Peptide A (female, 2) B (male, 7) C (male, 29) D (female, 2) E (female, 6)
Li-isd1 LNAAAESNSGLASK +
GGGEPSGPLASAIVDSFGSFASFK +
Li-txnl QNDMVDMSSLSGK + +
MPWLSIPFEK + +
QYKVESIPTLIGLNADTGDTVTTR + +
VESIPTLIGLNADTGDTVTTR + +
Li-ntf2 FANLGFTEAAFK + +
EQVQGVDAIMAR +

teins as replicas of the native parasite molecules, a Western blot
analysis was carried out using specific rabbit IgG antibodies. A
crude lysate of the parasite and the purified recombinant proteins
were immunoblotted and then probed with the specific polyclonal
rabbit antisera (Fig. 2B). All three antisera recognized a single
band in the crude parasite lysate that migrated at a molecular mass
that was similar to that for the recombinant proteins. Therefore,
the results support that the recombinant proteins are replicas of
the native molecules produced by L. infantum. A second band of
~45 kDa was also recognized by the anti-Li-ntf2 antiserum in the
crude parasite lysate. It is possible that the Li-ntf2 protein aggre-
gates with itself or that the band is part of a larger protein complex
or a building block of a larger protein originated by posttransla-
tional modification.

Recognition of recombinant Li-isd1, Li-txnl, and Li-ntf2
proteins by sera from patients with VL. To evaluate if the discov-
ered antigens were biologically active during disease, an ELISA
was carried out using sera from seven well-characterized patients
with active VL. All patients were bone marrow smear confirmed
for VL. The patients and control sera were from the Natan Portella
Institute of Tropical Medicine, Teresina, PI, Brazil. Figure 3 indi-

b=
=
b=

¥ A7 .

cates that the patients’ sera tested by ELISA reacted with the three
antigens at higher titers than did control sera (n = 5). These results
suggest that during disease, the L. infantum Li-isd1, Li-txn1, and
Li-nft2 proteins are produced in sufficient quantities to sensitize
the patient’s immune system to produce specific antibodies, thus
confirming them as biologically significant molecules produced in
vivo during disease.

Optimization of a capture ELISA for Li-isdl, Li-txnl, and
Li-ntf2. Reagents were initially tested in order to obtain the high-
est sensitivity limit of detection (LOD) to identify the Leishmania
antigens in human urine. Purified rabbit and chicken immuno-
globulins (IgG/IgY) were initially titrated, and those antibodies
that provided optical density (OD) readings arbitrarily higher
than 0.5 above the background at the lowest concentrations were
selected for further evaluations as capture reagents. The purified
antibodies were then titrated as capture reagents in an antigen
detection ELISA. Plates were coated with different concentrations
of the antibodies, followed by incubation with a fixed concentra-
tion of corresponding antigens (5 ng/ml). Biotinylated antibody
specific for each antigen was then added, followed by peroxidase-
labeled streptavidin and TMB. This approach led to the selection
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FIG 2 Purification and characterization of the recombinant Li-isd1, Li-txn1, and Li-ntf2 proteins. Recombinant proteins containing His-tagged amino terminal
residues were expressed in E. coli BL21(DE3)pLysS, followed by purification by affinity chromatography using Ni-NTA agarose matrix. Purity was evaluated by
SDS-PAGE (polyacrylamide gel with a 4 to 20% gradient) and Coomassie blue staining (A). Lane 1, Li-isd1; lane 2, Li-txn1; lane 3, Li-ntf2. (B) Characterization
of the proteins was done by a Western blot analysis. Fifty nanograms of purified recombinant proteins (lanes R) and 2 ug of crude antigenic preparation of
promastigote forms of L. infantum (lanes N, for native proteins) were submitted to electrophoresis under reducing conditions in polyacrylamide gel with a 4 to
20% gradientand transferred to a PVDF membrane. Proteins were identified using specific rabbit anti-recombinant protein antisera. Reactivity was detected with
goat anti-rabbit IgG labeled with horseradish peroxidase and a luminol-based analysis system, followed by autoradiography. Numbers on the left side indicate the

molecular masses of the markers.
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FIG 3 Recognition of the recombinant proteins Li-isdl, Li-txnl, and
Li-ntf2 by sera from patients with VL. Recognition of the antigens was
determined by ELISA. Microtiter plates (96-well) were coated with 100 ng
of antigen/well, blocked, and incubated with a 1/50 dilution of the sera
from VL patients and healthy control subjects. Antibody reactivity was
measured using peroxidase-labeled goat anti-human IgG. Reactions were
developed after addition of the substrate (H,0,) and the chromophore
TMB. Results are expressed as ODs read at 450 nm. Symbols show the
results obtained for urine specimens of seven individual patients with VL
(A) and five normal control subjects (B).

of an antigen affinity-purified rabbit antibody specific for the an-
tigen Li-txn1, a whole rabbit IgG fraction (affinity purified using
Streptococcus protein G) specific for Li-ntf2, and an antigen affin-
ity-purified chicken IgY specific for the antigen Li-isd1. The con-
centrations of antibody required to provide the highest OD signals
above the background varied for each antigen/antibody capture
ELISA and were 100 ng/well, 875 ng/well, and 2,000 ng/well for
Li-isd1, Li-txn1, and Li-ntf2, respectively.

To determine the LOD, several concentrations of the anti-
gens were tested in the presence and absence of human urine
samples obtained from normal and healthy subjects. As can be
seen in Fig. 4, as little as ~4 pg/ml of the Li-isd1 antigen can be
detected in the presence of either PBS or control human urine.
The limits of detection for Li-txn1 and Li-ntf2 were ~20 pg/ml
and ~5 pg/ml, respectively. Importantly, normal human urine
did not interfere with the sensitivity of the antigen detection
capture ELISAs specific for the three candidate antigens. These
results are important in that they indicate that interference of
urine should not occur with assays developed to diagnose VL
using this human specimen.

L. infantum Proteins in Urine of VL Patients

Detection of Li-isd1, Li-txnl, and Li-ntf2 in patients’ urine
specimens using a capture ELISA. Given that the limit of antigen
detection of the capture ELISAs assembled with different antibod-
ies to the L. infantum antigens present in the urine of patients with
VL was in the range of 5 to 50 pg/ml of protein and that human
urine did not interfere with the assay sensitivity, we next investi-
gated the possible utility of these assays for the development of an
antigen detection assay for the diagnosis of active VL. This type of
assay is in high demand to accurately diagnose VL and to distin-
guish active disease from asymptomatic infection. To validate the
assay, 19 urine specimens from well-characterized VL patients
from the Natan Portella Institute of Tropical Medicine (Teresina,
PI, Brazil) and 16 urine specimens from healthy control individ-
uals were initially tested. The patient population comprised 4 fe-
males aged 2 to 36 years old and 15 males aged 5 to 44 years old.
Diagnosis of VL was based on the presence of the following signs
and symptoms in all patients: chronic and irregular fever, abdom-
inal pain, progressive emaciation, malaise, anemia, weight loss,
hepatosplenomegaly (>2 cm from the costal margin), and finding
of a Leishmania amastigote in bone marrow aspirates. All urine
specimens were collected before the initiation of the anti-Leish-
mania therapy and stored frozen at —20°C. The urine specimens
were then thawed, and the capture ELISA was performed without
concentration or any specific manipulation of the urine speci-
mens. Figure 5 shows the results and indicates that the majority of
the VL patients’ urine samples provided strong positive ELISA
signals for the three antigens. The cutoffs to consider positive sig-
nals were established as the OD readings given by the mean of the
readings of the 16 urine samples from healthy, normal individuals
plus 3 standard deviations (SDs) of the mean. Specifically, 15 pa-
tients’ samples provided strong positive ELISA signals for the an-
tigen Li-isd1. In addition, an equal number of urine samples pro-
vided positive ELISA signals for the antigen Li-ntf2, and 9 patients’
urine samples were positive for the antigen Li-txnl. Altogether,
these results validate the use of these L. infantum proteins as im-
portant candidates for the development of a sensitive and specific
antigen detection assay for the diagnosis of active VL.

Specificity of the capture ELISA for VL. To begin to evaluate
the specificity of the capture ELISA for VL, urine samples were

A3 5 =O=Li-isd1 + Saline B 35 - =O—Li-txn1 + Saline C 45 =O=Li-ntf2 + Saline
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FIG 4 Determination of the limit of detection (LOD) of capture ELISAs assembled for the proteins Li-isd1, Li-txn1, and Li-ntf2, spiked in urine specimens of
normal healthy subjects. Capture antibodies at previously determined concentrations were used to coat the ELISA plates. The following antibody concentrations
were used: antigen affinity-purified IgY anti-Li-isd1, 100 ng/well (A); antigen affinity-purified rabbit anti-Li-txn1 antibodies, 875 ng/well (B); and purified rabbit
IgG anti-Li-ntf2 antibody (2,000 ng/well) (C). Wells were then incubated with various concentrations of the antigen diluted either in saline plus 1% BSA or in
urine from normal healthy subjects, followed by incubation with biotin-labeled anti-antigen secondary antibody. Reactions were developed after addition of
peroxidase-labeled streptavidin, substrate (H,0,), and the chromophore TMB. Results are expressed as ODs read at 450 nm.
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FIG 5 Antigen detection assays for the identification of the proteins Li-isd1, Li-txn1, and Li-ntf2 in urine of VL patients and controls. Urine specimens were from
VL patients and normal, healthy control subjects. Assays were carried out using capture ELISAs assembled as described in the legend for Fig. 4. (A) Anti-Li-isd1.
(B) Anti-Li-txnl. (C) Anti-Li-ntf2. Samples from VL patients (n = 19) were from Teresina, PI, Brazil. Control samples were from healthy individuals from
countries where VL is endemic who were living in the United States. Dashed lines represent the cutoff values, which were calculated using the average of the ODs
obtained from the urine specimens from 16 normal, healthy control subjects plus 3 SDs. Note that, compiling the results obtained for the three proteins, the
antigen detection assay was positive in 17/19 VL patients. These are representative results of at least three experiments performed at different times with the same

urine samples and same capture ELISA.

collected from patients with cutaneous leishmaniasis (CL),
Chagas’ disease, schistosomiasis, and tuberculosis (TB). These
diseases were chosen for this initial specificity validation be-
cause they represent important pathologies caused by organ-
isms that produce proteins that can potentially cross-react with
the antibodies used in the VL antigen detection assay under
study. Therefore, the capture ELISAs for Li-isd1, Li-txnl, and
Li-ntf2 were performed simultaneously with the urine speci-
mens from these patients and the urine specimens from VL
patients. No cross-reaction was observed with any of the urine
specimens from the four groups of patients tested (Fig. 6).
Although the number of patients thus far studied is limited,
these results suggest that the antigen detection assay under
development should be highly specific for VL.

DISCUSSION

We have recently described an interesting alternative approach for
the direct identification of M. tuberculosis antigens in bodily fluids
of mice infected with this organism as well as in urine specimens of
patients with pulmonary tuberculosis. The identified antigens
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have been successfully tested as vaccine candidates as well as can-
didate tools for the development of an antigen diagnostic test for
active tuberculosis (10, 31, 36, 37, 39).

The translation of this strategy for antigen discovery to patients
with VL was readily achieved. Pooled urine specimens collected
from patients with well-characterized VL yielded over 400 peptide
sequences with homology to those of human proteins and nine
peptide sequences with homology to those of three L. infantum
proteins. Therefore, we reasoned that these molecules are inter-
esting possible molecular markers of active disease and, conse-
quently, good candidates for the development of an antigen de-
tection assay for VL.

Expression and purification of the recombinant proteins were
achieved with no major difficulties, and the validation as genuine
L. infantum molecules was done by a Western blot analysis. The
demonstration that the molecule was produced in vitro was done
using rabbit or chicken antisera specific for the recombinant pro-
teins. The antisera specific for the proteins Li-isd1 and Li-txnl
detected a single band of the expected molecular mass of L. infan-
tum proteins in the parasite lysate. In contrast, the antiserum spe-
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FIG 6 Specificity of the capture ELISA for Li-isd1, Li-txnl, and Li-ntf2. Urine
specimens were from patients with cutaneous leishmaniasis (CL) (n = 10),
Chagas’ disease (CD) (n = 8), schistosomiasis (SC) (n = 14), or tuberculosis
(TB) (n = 10), from normal, healthy control subjects (HLT) (n = 16), or from
patients with VL (n = 19). Assays were carried out using capture ELISAs
assembled as described in the legend for Fig. 4. (A) Anti-Li-isd1. (B) Anti-
Li-txnl. (C) Anti-Li-ntf2. Dashed lines represent the cutoff values, which were
calculated using the average of the ODs obtained from the urine specimens
from 16 normal, healthy control subjects plus 3 SDs. Note that no cross-
reaction was observed with any of the 42 urine specimens with diseases other
than VL. The box-and-whiskers diagram was used to highlight the differences
and dispersions (the black components of the bars indicate skewness) of the
ODs obtained for the urine specimens from VL patients compared to the ODs
obtained for patients with CL, CD, SC, or TB and healthy control subjects.

cific for Li-ntf2, in addition to a band that migrates at approxi-
mately the 14-kDa position, which coincides with the predicted
molecular mass of the native Li-ntf2 (13.89 kDa), detects a second
band that migrates at an ~45-kDa molecular mass position. At
this time, we cannot conclude whether the band of ~45 kDa is a
homo- or heteropolymer of Li-ntf2 or not. Nonetheless, it is un-
likely that it represents a nonspecific reaction of the antiserum
with an unrelated antigen present in L. infantum because the rec-
ognition of this band was much stronger than that of the band that
matches the predicted molecular mass of the native molecule.
However, further investigation will need to be carried out to clar-
ify the nature of this 45-kDa molecule. Moreover, and as expected,
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all three recombinant molecules migrate slightly slower than the
native molecules. This is indeed expected, as the recombinant pro-
teins have a slightly higher molecular mass than the native mole-
cules due to the presence of the 6His tag.

The concept of detecting microbial molecules in human bodily
fluids of infected individuals for diagnosis purposes has a strong
precedent. For example, molecules from numerous viruses, bac-
teria, such as Streptococcus pneumoniae or Legionella pneumophila,
and parasites, such as Entamoeba histolytica, have long been de-
scribed in various human samples (e.g., blood, mucous secretions,
and feces) of patients suffering from the diseases caused by these
microorganisms (23, 27, 30, 40, 49, 50). Interestingly, many of
these molecules were successfully used either as vaccines (e.g., for
hepatitis A and B) or as tools for the development of antigen
detection-based diagnostics. Perhaps the most successful example
of such tests is the commercially available test to detect Streptococ-
cus pyogenes (group A) in patients with tonsillitis. This rapid test
has been universally used as a routine diagnostic of S. pyogenes
pharyngitis for more than 10 years (18, 26, 33, 38).

Paradoxically, although an antigen detection assay has the po-
tential to discriminate active VL from asymptomatic infection and
cured patients, development of such a test has only recently be-
come a matter of interest. Indeed, a test that is based on detection
of L. donovani polysaccharide antigens in the urine of VL patients
is under clinical validation. Despite conflicting results regarding
the sensitivity and specificity, a significant correlation between
this assay and conventional serological and parasitological tests
has been reported (4, 17, 42, 46, 48, 52). Therefore, the highly
purified recombinant proteins described in the present studies are
of great interest as candidates to either replace or complement the
sensitivity and specificity of the previously described polysaccha-
ride detection test. This possibility is supported by the findings
that together, the protein detection test can detect the native an-
tigens in the urine of 17/19 patients with active VL. Interestingly,
no cross-reaction was observed with urine specimens of patients
with CL, Chagas’ disease, schistosomiasis, or TB, pointing to high
specificity. Although the sensitivity is slightly below the ideal for
an actual clinical test, we believe that the results are highly encour-
aging because the capture ELISA used to detect the antigens
Li-txn1 and Lintf2 was assembled with whole IgG fractions from
the immunized rabbits and not with antigen-purified antibody.
We are currently in the process of preparing monoclonal antibod-
ies specific for these antigens as well as large quantities of the
recombinant molecule to facilitate the purification in large
amounts of antibody to assemble a more sensitive capture ELISA.
These reagents will also facilitate the development of other detec-
tion systems, e.g., tests based on luminescence or fluorescence
readouts (44).

It is important to mention that because antigen detection as-
says are highly dependent on the antigen load present in the sam-
ple under analysis, they are theoretically useful tools to follow up
therapy efficacy, particularly of infectious diseases. Therefore, it
will be interesting to test VL capture ELISAs for the antigens
Li-isd1, Li-txnl, and Li-ntf2 for this purpose. In addition, the
capture ELISA should be useful for the diagnosis of VL in VL/
HIV-coinfected patients, as the conventional serological diagnosis
of VL in these patients is problematic and not sensitive (29, 47).

Finally, the genes coding for the identified L. infantum proteins
are highly conserved among the organisms of the L. donovani
complex. Therefore, the antibodies raised against the L. infantum
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recombinant proteins should recognize equally well the proteins
produced by L. donovani, thus suggesting that the proposed test
will be equally sensitive to detect VL caused by either L. donovani
or L. infantum.

In conclusion, these results strongly support the premise of the
approach used in these studies, confirming that we have devel-
oped a powerful and reliable antigen discovery strategy to directly
identify L. infantum diagnostic candidate antigens in human
bodily secretions. In addition, these results confirm our previous
hypothesis (31, 35, 36, 39) that this approach is broadly applicable
to several infectious diseases, particularly those caused by organ-
isms that have their genome already completely sequenced.
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